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(57) Abstract 

PROBLEM TO BE SOLVED: To provide a 
charged-particle-beam exposure apparatus wherein 
the positional discrepancy and blooming of the 
image . of its beam are scarcely generated even 
when the temperature in its lens barrel is varied. 

SOLUTION: After projecting an electron beam on a 
reticle 3 by an illumination optical system, the 
electron beam passed through a pattern formed on 
the reticle 3 is imaged on a wafer by two lenses 1, 
2. Deflectors 7. 8 so deflect the electron beam that 
the electron beam started from a . predetermined 
position of the reticle 3 pi'oceeds on its 
predetermined deflecting trajectory 11 and passes a. 
scattering, aperture 5 to be imaged on a 
predetermined position of a wafer 4. Ferrite stacks 
9, 10 prevent the deflectors 7, 8 from causing 
unintended magnetic actions on the electron beam 
by eddy currents occurring in the constituent metals 
of the lenses 1, 2 due to the effect of the AC 
magnetic fields generated by the deflectors 7, 8. 
The permeability variations of the used ferrite 



stacks 9, 10 are so made small that the positional 
discrepancy of the irriage of the electron beam which 
is caused by the permeability variations of the 
ferrite stacks 9^ 10 due to their temperature 
variations becomes not larger than a predetermined 
value. 
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♦NOTICES* 

Japan Patent Office Is not responsible for any 
damages caused by tbe use of this translation. 

1. This docviinent has been translated by computer. So the translation may not reflect the original 
precisely. ^ 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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[Drawing 5] 
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precisely. 

2 . * * * * shows the word which can no t be translated. 
3 .In the drawings, any words are not translated. 

DETAILED DESCEIIPTION , 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the manufacture method of 
the thing about the charged-particle line aligner of the method which imprints the pattem on a mask 
or a reticle on an induction substrate side using a charged-particle line, and the charged-particle line 
aligner which aimed at aberration reduction of a position gap of the imprint image under exposure 
etc, in more detail, and the semiconductor device which used it. 
[0002] 

[Description of the Prior Art] Since a limitation is in the pattem line breadth which can be formed in 
the conventional aligner which used light in connection with the densification of the degree of 
integration required of a semiconductor device and high integration is impossible, development of 
the aligner which used the charged-particle line is furthered. Attention has gathered for the thing of a 
division imprint method which has a high throughput also in such a charged-particle line aligner. 
[0003] The aUgner of this division projection imprint method is explained according to drawing 4 
and drawing 5 . Drawing 4 is drawing showing the unit of division exposure. First, two or more 
chips are formed on an imprint object (usxially wafer), further, a chip is divided into a stripe and a 
stripe is divided into a subfield. Transferred objects, such as a reticle, are divided similarly. 
[0004] In a division projection aligner, exposxire is usually performed by the method as shown in 
drawiag 5 . First, a reticle stage and a wafer stage carry out fixed-speed movement of the center of a 
cpriresponding stripe at the speed according to the reduction ratio. An electron ray illimiinates the 
subfield on a reticle and projection exposure of the pattem formed on the reticle is carried out by the 
projection optical system on a sample. 

[0005] And an electron ray is deflected in the travelling direction of a reticle stage, and the right- 
angled direction, and projection exposure of the subfield arranged at the single tier is performed one 
by one. Although projection exposure of the following subfield is started after projection exposure of 
the subfield of a single tier is completed, it is made to raise a throughput by making the deviation 
direction of an electron ray reverse, as shown in drawing 5 in that case, and performing projection 
exposure of a subfield one by one. 

[0006] Since all the patterns that package exposure of the subfield field is carried out as compared 
with the conventional charged-particle line aligner, and should be exposed to a reticle since exposure 
is performed by such method are formed, a throughput can be raised very much. Unlike the case of 
the aligner which used fight, the reticle used by this aligner is divided into the subfield section 
(pattem section) and the beam section (it is called a strut below) of the circumference of it. The beam 
section is prepared for the purpose for choosing only the subfield which a lighting beam should ' 
expose certainly in order to maintain the intensity of the reticle itself 

[0007] The outline of the imprint optical system of electron-beam-lithography equipment is shown in 
drawing 1 . As for deflecting system, and 9 and 10, for a dispersion aperture and 6, in drawing 1 , a . . 
system shaft, and 7 and 8 are [ 1, the wafer a reticle and whose 4 2 is induction substrate sides as for 
a lens and 3, and 5 / a ferrite stack and 1 1 ] the deviation orbits of an electron ray. 
[0008] A ferrite stack consists of a ring laminating of a nonmagnetic ferrite and flie ferrite of high 
permeability. The ring is symmetrical firom the purpose to the sanle shaft as the shaft of a lens, and 
the inradius, a circumradius, thickness, etc. are appropriately set to fulfill the given conditions by the 



designer. Although the portion of a nonmagnetic ferrite may not exist, preparing from a viewpoint of 
assembly precision is desirable. The property of the ferrite stack made into the problem on these 
specifications is the property of the ferrite of high permeability. - 

[0009] A reticle 3 is irradiated by the electron ray by the Ughting optical system which is not 
illustrated, image formation of the electron ray which passed the pattern on it is carried out on a 
wafer with two lenses 1 and 2, and it carries out the reduction imprint of the pattern on a reticle 3 on 
a wafer 4. Between the lens 1 and the lens 2, the dispersion aperture 5 for cutting the scattered 
radiation is formed. Deflecting system 7 and 8 deflects an electron ray so that the electron ray which 
lefl: the position of a mask 3 may ride on the deviation orbit 1 1 of a predetermined electron ray, may 
pass the dispersion aperture 5 and may carry out image formation to the position of a wafer 4, and 
also it is performing the operation which removes distortion and aberration of an image. 
[0010] An eddy current occurs to the metal which constitutes lenses 1 and 2 under the influence of 
the alternating current magnetic field which deflecting system 7 and 8 generates, and the ferrite 
stacks 9 and 10 are bearing the duty which prepares the configuration of the lens magnetic field by 
the creation error of a lens while preventing occurring the magnetic action to an electron ray which is 
not meant. 
[0011] 

[Problem(s) to be Solved by the Invention] In the case of the imprinted type electron-beam- 
Uthography equipment especially represented by the division imprint aligner, the high throughput 
has been obtained by enlarging comparatively the beam current of an illumination system and an 
imprint system, and exposing it. However, in order to expose with big current, it is necessary to 
suppress dotage of the image by the coulomb effect. 

[0012] In order to suppress dotage of the image by the coulomb effect, it is necessary to accelerate 
the electron ray to irradiate on comparatively high voltage, or to shorten the reticle of imprint optical 
system, and the distance between wafers. Consequently, it must be made to take a predetermined 
reduction orbit and a predetermined deviation orbit between the short flights of a charged-particle 
line, and it is necessary to increase the current which flows to a lens and deflecting system for the 
reason. 

[0013] Moreover, in order to obtain a high throughput in the case of the imprinted t>^e electron- 
beam-lithography equipment represented by the division imprint aUgner, it is necessary to reduce the 
number of times which an induction substratie skips mechanically or turns up a scan, iand to decrease 
the overhead time concerning an induction substrate stage standing still or driving by extending a 
deviation field ias much as possible. Since deviation distance is proportional to the exciting current of 
deflectiQg system, in order to give a large deviation to an electron ray, it must give a big exciting 
current to deflecting system. 

[0014] Thus, elements, such as a lens and deflecting system, tend to need the bigger current for 
realization of a higher throughput, and generation of heat by this exists not a little. When the 
temperature of an element is changed during exposure operation, change occurs in the configuration 
of a magnetic field of corresponding according to the magnetic properties of the material which 
constitutes these. Therefore, although the efforts on a design had been paid so that the error by the 
temperature change of a lens, deflecting system, etc. might be conventionally made into a 
predetermined value, as a result of research of artificers, it turns out that there is an error by the 
temperature change which it cannot finish removing even if it makes these small, and it was thought 
that there would be another generating factor. 

[0015] When this invention person investigated this cause, it turns out that the ferrite stacks 9 and 10 
which exist between the deflecting system and the lenses with which the conventional attention was 
not paid change the deflection sensitivity of deflecting system remarkably in connection with a 
temperature change, and cause a position gap of an image, an increase in dotajge, etc. in an induction 
substrate. 

[001 6] Let it be a technical problem for this invention to offer the manufacture method of a 
semiconductor device that generating of a position gap of an image or dotage used a small charged- 
particle line aligner and it even if it was made based on such knowledge and the temperattire in a . 
lens-barrel changed. 
[0017] 
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[Means for Solving the Problem] The 1st means for solving the aforementioned technical problem is 
the charged-particle line aligner of the method imprinted on an induction stibstrate side, and sets the 
pattern formed in the reticle or the mask to the design temperature, of the ferrite stack under 
operation of a ******** aligner. When the tolerance of a position gap of the image which originates 
in a ferrite stack and is generated is defined when there is a temperature change of the predetermined 
range, and there is a temperature change of the aforementioned range It is the charged-particle line 
aligner (claim 1) characterized by using the ferrite which carries out permeability change which 
generates a position gap of the image within the aforementioned tolerance as a material of a ferrite 
stack. 

[0018] The need of conventionally taking into consideration as a cause of a position gap or dotage 
also about a ferrite stack based on the knowledge which this invention persons discovered although it 
was not known a position gap and dotage occurring by the temperature change of a ferrite stack itself 
became clear. 

[0019] When the tolerance of a position gap of the image which originates in a ferrite stack and is 
generated defines in this means when there is a temperature change of the predetermined range, and 
there is the aforementioned predetermined temperature change, change of the permeability which 
causes [ of the image ] a position gap in the ferrite stack is suppressing in the predetermined range by 
using the ferrite which carries out permeability change which generates a position gap of the image 
within the aforementioned tolerance. 

[0020] Therefore, since a position gap of the image in a predetermined temperature change is stored 
within a design value, it can consider as a charged-particle line aligner with few position gaps of an 
image. Since the property of a ferrite is easy to control by changing the material and baking 
conditions, the target thing can be obtained easily. 

[0021] The 1st means for solving the aforementioned technical problem is the charged-particle line 
aligner of the method which imprints the pattern formed in the reticle or the mask on an induction * 
substrate side, as a material of a ferrite stack In the design temperature of the ferrite stack imder 
operation of a ******** aligner, it is the charged-particle line aligner (claim 2) characterized by 
using the ferrite which has permeability change to which a position gap of the image which 
originates in change of permeability to a 0.01 -degree C temperature change is set to Inm or less. 
[0022] In the charged-particle line aligner, the temperature change which a ferrite stack receives is 
about **0.01 degrees C, even when extreme. On the other hand, it is necessary to take into 
consideration firom a synthetic precision for exposure, and the position gap caused by the 
temperature chiange of a ferrite stack needs to be taken as a small thing Inm or less. The precision 
demanded in the case of an exposure imprint can be satisfied now by conventionally, selecting and 
using the ferrite which has permeability change to which a position gap of the image which 
originates in change of permeability to a 0.01 -degree C temperature change is set to limi or less 
based on the knowledge which this invention persoiis discovered, although it was not known that a 
position gap and dotage will occur by the temperature change of a ferrite stack itself. 
[0023] The 3rd means for solving the aforementioned technical problem is the manufacture method 
(claim 2) of the semiconductor device which has the process which imprints to a wafer the pattern 
formed in the reticle or the mask using the charged-particle line aligner which is the 1st means of the 
above, or the 2nd means, and is characterized by the bird clapper. 

[0024] In the charged-particle line aligner which is the 1 st means or the 2nd means, since a gap of 
the image by the temperature change of a ferrite stack is suppressed small, the semiconductor device 
which has a detailed pattern can also be manufactured with sufficient precision and yield by 
imprinting to a wafer the pattern formed in the reticle or the mask using this. 
[0025] 

[Example] Hereafter, the example of this invention is explained using drawing. Since drawing 1 does 
not change with the conventional thing structurally except that it is drawing showing the outline of 
the imprint optical system of the electron-beam-lithography equipment which is the example of this 
invention and is using the thing special as a ferrite stack, the drawing used in explanation of the 
conventional example is applied to. 

[0026] In this example, distance between a mask 3 and a wafer 4 was set to 600mm, the exciting 
current of lenses 1 and 2 was set up so that the pattern in a mask 3 might become 0.25mm angle on a 
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wafer 4, and the reduction exposure imprint of a quadrant was performed. With the beam of aperture 
angle 6mrad, the pattern on a reticle was irradiated in the position on the 4th page of the wafer which 
is separated from the system shaft 6 2.5mm, and it went by the following evaluations. 
[0027] In this optical system, the position gap of the image generated when 0.01-degree-C 
temperature rises from the temperature of 25 degrees C made into criteria paying attention to the 
ferrite stack 9 estimated the ferrite to be used. 

[0028] First, the initial permeability in 25 degrees C of reference temperature used the ferrite A 
whose rate of change of the initial permeability per unit teniperature (1 degree C) change is 150 near . 
the reference temperature by 6000 as an example of comparison. Next, the initial permeabiUty in 
reference temperature used as an example the ferrite B whose rate of change of the initial 
permeability per imit temperature (1 degree C) change is 1 1 near the reference temperature by 7000. 
[0029] The amoimt delta x of position gaps of the image produced when the initial permeability of 
the ferrite stack 9 changes one time with this optical system is expressed with the following formulas 
as a fimction of the initial permeability mu of the ferrite 9 in the temperature at the time of 
proofreading. 

deltax - aO+al and mu +a2 and mu2a0 = 3.487750xl0al — 7.916667xl0-3a2 = 4,966667x10-7 
[0030] In the case of the ferrite A proofread at 25 degrees C, the amount delta x of position gaps of 
the image produced when initial permeability changes one time is. In the case of the ferrite B which 
is 5.26nm and was proofread at 25 degrees C It is 3.80nm. 

[0031] The position gap of the image generated when 0.01-degree-G temperature rises from the 
temperature of 25 degrees C which the temperature of the ferrite stack 9 using Ferrite A and Ferrite 
B as a material makes criteria according to this is set to 7.89nm when Ferrite A is used, and when 
Ferrite B is used, it is set to 0.42nm. Thus, the direction which used Ferrite B can make small the * 
amount of position gaps of the image generated when a temperature change arises during exposure 
operation. If the position gap to a 0.01 -degree C temperature change is suppressed to Imn or . less, the 
good thing of sufficient accuracy will be obtained. 

[0032] Moreover, it can ask for the rate of change to the temperature of initial permeability required 
in order to store in the range which asks for the amoimt of image-position gaps easily from the ferrite 
whose initial permeabiUty in the temperature at the time of proofreading is known by calculating the 
amount of position gaps of the image per unit initial permeability change to the value of the initial 
permeability at the time of proofreading about the ferrite stack in predetermined optical system 
beforehand. 
[0033] 

[Embodiments of the Invention] Hereafter, the example of the gestalt of implementation of the 
manufacture method of the semiconductor device concerning this invention is explained. Drawing 2 
is a flow chart which shows an example of the semiconductor-device manufacture method of this 
invention. The manufacturing process of this example includes each following main process. 
* * The wafer manufacturing process which manufactures a wafer (or wafer preparation process of 
preparing a wafer) 

** The mask manufacturing process which manufactiures the ndask used for exposure (or mask 
preparation process of preparing a mask) / 

** It starts at a time one chip' formed on the wafer processing process ** wafer which performs 
processing processing required for a wafer, and consists of a sub process of fiuther some [ process / 
each ] whose chip erector who makes operation become possible ** Is the chip inspection process 
which inspects the chip which was able to be done. 

[0034] The main process which has decisive influence on the performance of the device of a 
semiconductor in these main processes is a wafer processing process. At this process, the laminating 
of the designed circuit pattern is carried out one by one on a wafer, and much chips which operate as 
memory or MPU are formed. This wafer processing process includes each following process. 
** TTie tihin fihn formation process which forms the metal thin fikn which forms the dielectric thin 
film used as an insulating layer, the wiring section, or the polar zone (CVD, sputtering, etc. are used) 

** The etching process which processes a thin filfn layer and a substrate according to the lithography 
process ** resist pattern which uses a mask (reticle) and forms the pattern of a resist in order to 
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process alternatively an oxidization process ** thin film layer, a wafer substrate, etc, which oxidize 
this thin film layer and wafer substrate (for example, dry etching technology is used) 
** A wafer processing process perforrns repeatedly only the required number of layers which is the 
inspection process which inspects the wafer processed into the ion and impurity pouring diffusion 
process ** resist ablation process ** pan, and manufactures the semiconductor device which 
operates as a design. 

[0035] Drawing 3 is a flow chart which shows the lithography process which makes the nucleus of 
the wafer processing process of drawing 2 . This lithography process includes each following 
process. " 

** About the semiconductor-device manufacturing process beyond the annealing process for 
stabilizing the resist pattern which develops the resist which exposes the resist application process ** 
resist, which carries out the coat of the resist on the wafer with which the circuit pattem was formed 
at the process of the preceding paragraph, and of which exposure process ** exposure was done, and 
obtains the pattem of a resist and of which development process ** development was done, a wafer 
processing process, and a lithography process, it is a well-known thing and explanation beyond this 
will not be required. In the manufacture method of this semiconductor device, since the charged- 
particle line aligner concerning this invention is used for the imprint of the circuit pattem from a 
reticle or a mask to a wafer, there are little the position gap and dotage of a pattem accompanying the 
temperature' change inside a lens-barrel, and, therefore, they can manufacture a detailed pattem with 
sufficient precision and yield. 
[0036] 

[Effect of the Invention] Since a position gap of the image in a predetermined temperature change is 
stored within a design value in invention which starts a claim 1 among this inventions, and invention 
concerning a claim 2 as explained above, it can consider as a charged-particle line aligner with few 
position gaps of an image. 

[0037] In invention concerning a claim 3, the semiconductor device which has a detailed pattem can 
also be manufactured with sufficient precision and yield! 

[Translation done.] 
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